The aim of this research was conducted to investigate the effect of interaction between dietary enzymes [β-mannanase enzyme (M) and β-glucanase enzyme (G)] and metabolizable energy (ME) on small intestine morphology in male broilers. In the present study, 160 male broilers were assigned and analyzed under a 2 3 factorial arrangement of treatments. The treatments were carried out for 21 days and chickens were subsequently slaughtered and samples of different parts of small intestine were collected for morphological assessment.
Introduction
Improvements in the performance of poultry due to different diets containing some enzymes were first reported more than 50 years ago. Mixed linkage β-(1-3), (1-4)-D-glucan (β-glucan) and β-mannan are the major constituents of barley and soybean endosperm cell walls, respectively (Buliga et al. 1986; Wood et al. 2003) . The β-glucans have been identified as a major cause of low growth rate and nutrient digestibility in the broiler chickens (Ward & Marquardt 1987) . These anti-nutritive effects of non-starch polysaccharides (NSP S ) are attributed to an increase in intestinal digesta viscosity (Choct & Annison 1992a) . The mucosa of small intestine is arranged into two fundamental structures: villi and crypt. Villi are projections into the lumen covered predominantly with enterocytes, along with occasional mucussecreting goblet cells. These cells are alive only for a few days; then they will die and drop into the lumen to become part of the ingesta. Crypts of Lieberkuhn are moat-like invaginations of the epithelium around the villus, and are lined with epithelial cells. The intestinal villus and crypt morphological status in chickens has been associated with intestine function and chicken growth (Tarachai & Yamauchi 2000) . In general, the effect of some factors such as thermal conditions (Uni et al. 2001) , body weight of the laying hen (Yamauchi & Isshiki 1991) , feed restriction, dry or wet diets, quantity of dietary protein and energy, exogenous enzymes and NSPs and probiotics (Al-Marzooqi & Leeson 2000; Batal & Parsons 2002; Wang et al. 2005 ) on intestinal morphology of broiler chicks has been studied.
On the other hand, some processing methods can affect apparent metabolizable energy (AME) content of feed ingredients in poultries. It has been reported that processing of a wheat-based diet may facilitate digestion of energy substrates, therefore enhancing values of AME (Amerah et al. 2007a ). The beneficial effects of processed feed on digestibility of nutrients may arise from their influence on intestinal morphology (Amerah et al. 2007b; Zang et al. 2009 ). However, the aim of the present study was to clarify the ME levels and endogenous enzyme effects and their interaction effect on small intestine morphological status in male broiler chickens fed a barley-soybean-based diet.
Materials and methods

Animals, diets and treatments
One hundred and sixty one-day-old male broiler chicks (Ross 308) were sexed by vent sexing method and randomly housed in floor pens (five birds in each) containing litter composed of wood shaving. Pens were located in one room providing environmental control. The experimental design was a completely randomized one with a 2 × 2 × 2 factorial arrangement of treatments. At one day of age, all the chickens were divided into eight groups (with three replicates of five male broiler chicks each). Starter (1-12 days) and grower (after 12 day) basal diets (Table 1) were formulated to provide a similar nutrient profile. Hemicell (ChemGen Co, USA) is used as a source of β-mannanase enzymes (EC 3.2.1.78) which include 140 million unit/kg of this enzyme, and Rovabio® Excel (ADISSEO Co, France) is used as a source of β-glucanase enzymes. Eight experimental dietary treatments consist of NO: Normal ME basal diets without enzyme, NM: Normal ME basal diet + 1g/kg Hemicell, NG: Normal ME basal diet + 1g/ kg Rovabio, NMG: Normal ME basal diet + 1g/kg Rovabio + 1g/kg Hemicell, LO: Low ME basal diets without enzyme, LM: Low ME basal diet + 1g/kg Hemicell, LG: Low ME basal diet + 1g/kg Rovabio and LMG: Low ME basal diet + 1g/kg Rovabio + 1g/kg Hemicell. Experimental diets were randomly allocated to one of eight diet treatment groups for a 21-day trial period. Broilers received standard feed mixture ad libitum containing adequate requirements as presented in Table 1 . Fresh feed offered to all the birds twice daily to prevent wastage. Water also was supplied ad libitum throughout the entire experiment. The temperature was maintained at 32°C for 5 days and was gradually reduced with normal brooding practices. Lighting was at 80 lx for 23 h/day.
Morphological examination
At the end of the experiment, on 21st day, eight birds from each treatment were killed and 5 cm segments were removed from the duodenum, jejunum and ileum as follows: (1) the apex of the duodenum, (2) midway between the point of entry of the bile ducts and Meckel's diverticulum (jejunum) and (3) 15 cm proximal to the cecal junction (ileum). Samples were fixed in 10% neutral-buffered formalin solution and routinely processed to 5-mm hematoxylin eosin-stained sections. Intestinal samples were dehydrated, cleared and embedded in paraffin. Serial sections were cut at 7 μm and placed on glass slides. Sections were deparaffinized in xylene, rehydrated in a graded alcohol series and examined by light microscope (Uni et al. 1995 (Uni et al. , 1998 . Morphometric indices were determined by computer Table 1 . Ingredients and composition of the basal diets (g/kg) with low and normal ME levels.
Starter diets (1-12 days)
Grower diets (13-21 days) Ingredients Low ME Normal ME Low ME Normal ME 
Statistical analysis
Results were analyzed using Proc GLM of SAS 9.1 (SAS Institute, version 9.1, 2002, Cary, NC, USA). The results were expressed as Lsmean ± SEM. The Tukey's test was used to compare least squares means. All data were checked for normal distribution by Proc univariate and Shapiro-Wilk test.
Results
Effects of treatments on duodenal morphology of 21-day old broilers are summarized in Table 2 . Morphologic measurements in the duodenum displayed significant effects of G, M and ME × M × G interaction on villus Length. There was a significant effect of M, ME × G interaction and ME × M interaction on duodenal villus width. Also, duodenum crypt depths were significantly affected by M supplementation and ME × G × M interaction. Morphologic measurements of the jejunal villus are presented in Table 3 . Histology indicated that the jejunal villus length was significantly affected by ME × G interaction. There were no significant effects of enzymes, ME levels or their interactions on jejunal villus width. Also, the jejunal crypt depths were significantly affected Note: Values with different superscript letters indicate significant differences with P < 0.05. ME, metabolizable energy; G enzyme, β-glucanase enzyme; M enzyme, β-mannanase enzyme; ME × G, ME vs. β-glucanase interaction; ME × M, ME vs. β-mannanase interaction; ME × M × G, ME vs. β-mannanase vs. β-glucanase interaction.
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by ME levels, M, ME × G interaction and ME × M × G interaction.
Ileal morphometric data are presented in Table 4 . As shown in this table, ileal villus length was significantly affected by G, M and ME × G interaction. Ileal villus widths were significantly affected by ME × M interaction and ME × G × M interaction. Also, ileal crypt depths were significantly affected by ME levels, M, ME × G interaction and ME × G × M interaction.
Discussion
Some previous researches suggest that the addition of exogenous enzyme results in an increase in dietary energy values by 2% on average which is due to hydrolysis of NSPs, allowing digestive enzymes access to substrates such as protein and starch with a consequent improvement in the digestibility of nutrients (Choct & Annison 1990; Fuente et al. 1995; Nian et al. 2011) . Our hypothesis in the present study was Note: Values with different superscript letters indicate significant differences with P < 0.05. ME, metabolizable energy; G enzyme, β-glucanase enzyme; M enzyme, β-mannanase enzyme; ME × G, ME vs. β-glucanase interaction; ME × M, ME vs. β-mannanase interaction; ME × M × G, ME vs. β-mannanase vs. β-glucanase interaction. Note: Values with different superscript letters indicate significant differences with P < 0.05. ME, metabolizable energy; G enzyme, β-glucanase enzyme; M enzyme, β-mannanase enzyme; ME × G, ME vs. β-glucanase interaction; ME × M, ME vs. β-mannanase interaction; ME × M × G, ME vs. β-mannanase vs. β-glucanase interaction.
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illumination of endogenous enzymes and effects of ME levels and their effects of interaction on small intestine morphological status in male broiler chickens. In the barley-based diets, injury to the small intestine may be caused by the viscous characteristics of NSPs (Stanogias & Pearce 1985) . The improved performance of poultries fed NSP-rich diets by exogenous enzyme, such as β-glucanase supplementation, is not due to release of simple sugars, but rather due to the ability of the enzymes to prevent the formation of viscous digesta. By adding enzymes into a diet, the viscosity of the content is reduced and nutrient uptake and animal performance are improved (Yang et al. 2009 ). The addition of exogenous enzymes is necessary to decrease the anti-nutritive effects of this viscous diet (Choct & Annison 1992b) . It has been reported that decrease in digesta viscosity after exogenous enzyme addition to the broiler diets is associated with an improvement in small intestine morphology (Yasar & Forbes 2000) . The structure of the intestinal mucosa can elucidate some information on gastrointestinal tract (GIT) health. Presence of stressors in the digesta can lead to rapid changes in the intestinal mucosa due to the close proximity of the mucosal surface to the intestinal content (Xu et al. 2003) . Changes in intestinal morphology, such as shorter villus and deeper crypts, have been associated with the presence of toxins (Yason et al. 1987) . The increase in villus height suggests an increase in the absorptive surface area and greater absorption of available nutrients (Zulkifli et al. 2009 ). In addition, because the jejunum is recognized as the major site of absorption in the small intestine, the increase in villus height could represent an attempt to increase intestinal surface area to maximize absorption (Thompson & Appegate 2006) . In the present study, villus length was similar in duodenum, jejunum or ileum among diets containing low or normal ME levels, but duodenal and ileal villus length was positively affected only by β-mannanase or β-glucanase enzymes. We found some interactions for villus length such as interaction between dietary ME levels and glucanase enzyme in jejunum and ileum. Hence, we observed that β-mannanase or xylanase (without interfering the ME effects) can change the intestinal villus length but when this chicken was treated with different ME levels, the villus length is returned to normal situation. However, we observed that duodenal villus width has been affected by β-mannanase enzyme. Also, it has been observed some interactions for villi width such as interaction between dietary ME levels and β-mannanase in duodenum or interaction between dietary ME levels and β-mannanase enzyme in ileum. These data can be a good evidence for beneficial effects of glucanase and β-mannanase on the intestinal feature. Also, it seems that interaction effects between these two enzymes and ME levels can prevent apoptosis in the GIT. Although, we did not check the apoptosis feature in different segments of small intestine. Solomon and Tullett (1988) concluded that ileal villus with taller, narrower and regular shape provides greater surface for absorption. However, results of the present study showed that duodenal crypt depth was affected by β-mannanase enzyme but jejunal and ileal crypt depth was affected by dietary ME levels and β-mannanase enzyme. It has been observed some significant interaction affects crypt depth such as interaction between dietary ME levels and glucanase enzyme in ileum. The crypt can be regarded as the villi factory; a large crypt indicates fast tissue turnover and a normal demand for new tissue. Increasing of crypt depth may propose a more normal proliferation (Iji et al. 2001) . Therefore, in the present study, increasing of duodenal crypt depth in the group supplemented by β-mannanase may be due to normal proliferation or an unusual demand for cell proliferation and tissue renewal. However, increase in tissue turnover will increase the amount of nutrients required for maintenance and will lower the efficiency of the animal.
In conclusion, duodenal and ileal villus length was significantly changed by addition of β-glucanase to the male broiler's diets. The length and width of villus and crypts depth in duodenum, crypts depth in jejunum and length of villus and crypts depth in ileum were significantly changed by addition of β-mannanase to the broilers diet. However, it seems that these two exogenous enzymes can improve morphological changes in small intestine of male broiler chicks. ME levels have different effects on intestinal morphology rather than β-mannanase and β-glucanase enzymes and therefore, we concluded that the positive effects of these two exogenous enzymes on small intestinal morphology were not due to releasing of ME from diet ingredients in the broiler GIT.
